The article deals with the influence of laser beams, which when acting on materials affect their surface. Depending on the intensity of exposure and the speed of displacement of the beam, due to the heating of the material and the subsequent cooling, there occurs the change in the pattern of the surface and of course to a change in the properties in the volume that was exposed to the temperature changes. For the tests the sintered material based on iron powder type Astaloy CrL and CrM containing 0.7% C was used. Results showed that by the appropriate combination of laser parameters it was be possible to obtain the same structures as by using the technology of "sinterhardening". Compared to sintered state, the hardness of the surface of a material CrL +0.7% C values increased from 248 to 911 -1000 and at material CrM +0.7% C values from 450 to 1043 -1100 HV 0.05, depending on the velocity of displacement of the beam. The same is true for the values of microhardness. Hardness values reflect the structural changes that occur in the material due to rapid heating and subsequent rapid cooling. The first tests of this technology demonstrated its high variability and the potentials of replacing classical procedures.
Introduction
Laser hardening is one of the new technologies, which is currently widely used in the manufacture of machine parts. The principle of laser quenching consists in the rapid heating of the material surface by laser, short holding time at temperature followed by cooling, heat dissipation due to thermal conductivity of the material. A significant advantage of the heat treatment is its speed, quality and especially stable reproducibility. In addition, it provides low thermal load to the ambient material, minimum distortions, low surface oxidation and prevents formation of surface cracks. It is also possible to arrange for local hardening only at the desired location, to control the depth of hardening and the resulting hardness. The temperature is in many cases controlled on-line by a pyrometer directly integrated in the optics. Typical applications include local hardening of molds, tools, gears and racks, guide surfaces, parts of transmissions, shafts, cams and turbine blades and vanes [1] [2] [3] [4] [5] . Nowadays, when in the engineering practice, powder metallurgy product are increasingly promoted, knowing the possibilities of using this type of heat treatment at this type steels is quite real. In the actual powder metallurgy practice in connection with the development of steels for highly stressed components, such alloyed materials has been introduced, which following heat treatment by hardening are able to achieve the desired mechanical properties. In addition to conventional quenching, by some suitably alloyed materials, there are currently method in use DOI 10 .12776/ams.v19i4.142 p-ISSN 1335-1532 e-ISSN 1338-1156 called sinterhardenig. In this case, at the accelerated regulated cooling directly form sintering temperature the hardening effect achieve, i.e. formation of non-lamellar ferrite-carbide structure, whether of bainite or martensite nature. This sinterhardening effect is well known and well described in the literature, for example 6-12]. It appears that by this way it is possible to achieve a tensile strength of 1200 MPa by CrL type material and by CrM type material of 1400 MPa (with suitable carbon content, higher density and higher sintering temperature). How these PM materials act under the effect of laser beam is the content of this article.
Experimental conditions and materials
Samples were prepared from pre-alloyed steel powders from Höganäs company of types Astaloy CrL (Fe-1,5% Cr-0, 2% Mo) and Astaloy CrM (Fe-3% Cr-0, 5% Mo). Two sets of samples were created by adding graphite powder contents of 0.7%. After the addition of HWC type lubricant, samples were made compact under 600 MPa to form circular specimens of dimension  30 x 5 mm Then they were sintered in controlled atmosphere (90% N 2 +10% H 2 ) at 1120 ° C / 60 min. The sintering atmosphere was freezed before sintering -dew point of -57 ° C. Samples were placed into a retort with a mixture of Al 2 O 3 with addition of 1% C to avoid possible undesirable oxidation and decarburization samples surfaces. After sintering the samples were cooled outside the furnace in an inert atmosphere. Subsequently, they were machined on the outer diameter of   mm with an internal hole of  10 mm and finally polished to achieve flatness on both circular areas. The special shape of the samples was made due to the fact that these samples were also used for contact fatigue testing and assumed for laser hardening. All samples were subjected to laser hardening by diode-pumped solid-state laser system TRUMF TRUDISK serie 8002 under the following conditions. Samples were sprayed with matt black paint (paint hot Plasti-Kote industrial) resistant to higher temperatures to increase the absorption. Carrying beam was 2 kW, 4 mm diameter fiber. Progressive rate 25, 30, 40 mm/s was set only experimentaly based on the experience of the external device operator. The process was controled by constant beam power. Quenching was in a protective argon gas streaming at 15 l/min. Hardening took place on the sample surface in a single lane on one side and in two overlapping lanes on the other side of it, see - Fig. 1a, b . The samples after tests were subjected to metallographic -microscopic analysis, hardness and micro-hardness measurements. Hardness values were determined by conventional tests such as the Vickers HV 10 and HV0.05. Microstructure of samples Astaloy CrL + 0.7% C is composed mainly of fine pearlite and ferrite.
In the case of Astaloy CrM + 0.7% C microstructure consists of bainite and ferrite and islands of very fine pearlite. More detailed analyzes of these base materials are listed in [13] [14] [15] . Metallographic analysis of samples after laser hardening showed the following facts: the laser beam affects the surface of the sample in the form of spherical cymes in a certain width, which is set according to the needs and specifications of laser device. In our case, it represented about 4.5 mm. The depth of penetration into the material varies depending on the speed of a moving beam (at constant power of devices). To ensure that on the whole surface to get approximately the same depth of penetration into the material, that movement of the beam guided so that the individual tracks overlap. All this is evident from Fig. 3 . Here are 3 practical and marked changes compared to the pure sintered state. Firstly, it is the affected area width and width of overlapping. These values, by constant technical parameter settings, do not change virtually. Therefore, next we will monitor only influence of the movement speed of the beam on the depth of penetration into the material, and the resulting changes in the structure or changes in hardness. As stated in the "Experiments", 3-speed movement -25, 30, 40 mm /s were used. Their influence on depth of penetration into the material is shown in Fig. 4a . In this area structural changes occur, that ultimately affect the mechanical properties. As shown in the Fig. 4a with increasing rate the depth of penetration decreases, which is basically logical, considering the fact that the higher movement speed of the beam shortens the duration of exposure the beam on the material on the given spot. A more alloyed material has a greater depth of penetration. At the same carbon content, it is the chromium and molybdenum, which improves hardenability. Fig. 4b shows the depth of through-hardening (the area in which the value of micro-hardness is > 500 HV0.05). Thermal influence in this area is associated with higher crossing the transition temperature than it is usual by classical heat treatment. Here, the crossing of solidus curve may occur. In any case, the subsequent cooling is relatively fast because the heated area is of small volume, by influence of thermal conductivity, heat moves to cooler areas of the non-affected volume. In our case, cooling rate was increased by the influence of flowing argon, which was used to protect against corrosion at high temperatures. Due to the cooling rate, subsequently the transformation of austenite to pearlite, or in accordance with the transformation diagrams [16, 17] trans-formation to martensite or bainite, respectively accumulation of both occurs. In extreme cases, accumulation of all three structures may take place. same shape as the whole affected area. However, it is much shorter and its depth is also reduced. With material CrL +0.7 C at a rate of movement of the beam 25 mm/s melting depth was of about 100 m on about 700 m in width. At the remaining two speeds, melting was not observed. Melting by the material CrM +0.7 C was observed to a depth of about 250 m in width about 3000 m. At a speed of 30 mm/s very low melting of several m in depth and width of about 100 m was observed. After cooling, in the melted place was the dendritic structure of martensite nature created -Figs. 5, 6. The easiest and quickest way to find what kind of transformation might occur in this way of heat treatment is the measurement of hardness and its comparison with the hardness of sintered state. Literature references, e.g. [19] are for steel type CrL +0.7% C micro-hardness give the following values: pearlite 300-500, bainite 350-700, martensite 950-1050 HV0.05, resulting from the different transformation temperatures. At CrM steel these values, depending on the cooling rate, are somewhat higher. With this increase martensite hardness of about 100 HV 0.05 units -which is about 10%. The same is true in the case of bainite. In both cases, however, depends on the hardness of the cooling rate. In our case, we used both a method to measure hardness of HV 10 and HV 0.05 on the surface - Table 2 and also measure the microhardness HV 0.05 for crosssectional samples. The metallographic structural analysis served as an evidence of the achievements of hardness. To be able to comment the results shown in Table 2 , it is first necessary to specify the value of the measurement of microhardness the cross section of the material. They are in Figs. 7 a, b .
From the results obtained the following facts are apparent. Firstly -on the surface in both materials at all speeds of movement of the beam martensite is formed. The depth of the martensite penetration can be roughly read from the diagram based on the already stated values of its hardness. Maximum values in this chart were however measured directly on the surface. Namely, it is not possible to measure (with microhardness tester) the surface layer -thinner than Results show that the surface microhardness within a single material at the movement of the beam 25 and 30 mm/s is the same. Significantly lower values of microhardness at a speed of 40 mm/s are given mainly by ferrite content. Of the curves behaviours it is also evident that in the early stages, after the cooling starts, there is a sharp drop in microhardness, which is highest at 40 mm/s. That is logical if we assume that at this speed the inflow of thermal energy is the smallest. Then in this period of time a conversion to ferritic-carbidic mixtures takes place. Higher microhardness by CrM material on the surface is given by the higher content of alloying elements, but mainly by the presence of a thin surface layer of martensite that cannot be etched - Fig. 8 . shown in Fig. 9 . Based on an earlier observation, we can assume that very rapid cooling from high temperatures leads to the formation of very fine martensite, which in this state cannot be etched. This phenomenon of formation is of very often observed commonly with contact fatigue, especially on gearing in the gearbox 20] or on railway rails. This is reinforced by the fact that along this layer on the surface there is also martensite, which is of acicular nature. According to the latest research 21], acicular martensite arises under specific conditions. One of requirements that prefer the other authors is a quenching from high temperatures. What in our case is the melted status. Microhardness measurements on the surface of the white areas showed that the hardness is slightly higher than the hardness of acicular martensite. Thus, it is possible that in places where the coating is thinner, after grinding and polishing, we get down to the structure that is underneath. Other authors on the subject of an acicular martensite state 22] that it formed when the carbon content of > 1%. As shown in the cross-sectional observations there were places just below the surface, which showed stronger etchinability. We understand that a certain role in this case could be played by paint coating ( hot Plasti-Kote paint), by which the sample surface was painted (used in practice due to increased absorption of laser beams and is inherently carbon origin). Heating could by the diffusion effect increase the content of carbon in thin layer on the surface from the original value 0.7%C to the value of more than 1%. When comparing the results of microhardness with those of the of macro hardness, we can see some disproportions. Firstly, it is necessary to realize that the value macro hardness is a quantity comprising a substantially larger volume of material. Micro-hardness of a CrL material is the highest at speed of 25 mm/s. At this relatively slow movement of the beam, the surface heats up to melting and subsequent rapid cooling are sufficient to create the martensitic structure. Even at a speed of 30 mm/s the martensite is formed at the surface too. Hardness drop in this case is simply caused due to the fact that in the first case, as a consequence of melting, following cooling the material loses its porosity and in the second case the porous material is measured. At the speed of 40 mm/s supply of heat is short -the corresponding speed is lower. In the material a predominantly ferrite-carbide mix is formed -although we have previously argued that martensite is formed on a surface in all cases. However there is difference, when microhardness is measured -there is the possibility to measure the first particle on the surface (size <15 m) whereas the indentor penetrates the material at hardness of 1000 HV 0.05 to the depth of about 4.3 m. When measuring the macro hardness, the indentor penetrates the material at the same hardness into the depth of about 24 m. Therefore, the macro hardness is decided by the average of hardness along the depth of indentor penetration into the material. Micro-hardness of CrM material is logically higher applies the same as to material CrL. In the first case the depth of melting is relatively high and hardness corresponds again to the non-porous material with martensitic structure. In the case of a speed of 30 mm/s the surface is melted but only weakly. Thus, even if the structure is martensitic and compact on the surface compact, below it there is a porous material. When measuring hardness, the indentor penetrates down to the porous material. At 40 mm/s, hardness of martensite only of porous material is measured. It is noted that following laser hardening under the given conditions martensite is always formed ont the surface, the thickness of which can be by crude approximation read from the diagrams in Figs. 7a,b. Its appearance is evident from Fig. 1 (in Fig 7a,b) on the right side of the diagram both for thel CrL and CrM material. Its hardness can also be measured at a certain depth below the surface. In the areas under the martensite ferritic-carbidic structures are formed in accordance with CCT diagrams. In our case it is bainite. Fig. 2 (in Fig.7a ,b) in both cases refers to the lower bainite and Fig. 3 (in Figs. 7a,b) to the upper one. In all the six cases, values of microhardness are stated, which were measured in situ following microscopic documentation. It should be noted that the structures after laser hardening are very delicate, and particularly in case of martensite they are difficult to etche. At conventional metallographic magnifications, the details are poorly distinguishable whereas at higher magnifications and their subsequent digitalization the images are less sharp. However, it can ultimately be concluded that our results regarding hardness give sufficient overview of the impact of laser hardening on the properties and thus the potentials for its practical applications.
Conclusion
Effect of laser beam on the material produced by powder metallurgy, in its essence, is not different from its impact on the compact materials. Its use on sintered materials (particularly for steel) has many advantages and can successfully replace so called sinterhardening method. Perhaps under certain specific conditions, it can be used in place of some of the classic progressive tightening of the surface layers. There are, however, excluded cases and increase strength properties of the whole volume with well-defined subtle components produced by powder metallurgy.
Regarding the results obtained in our case it can be said to be a quantitatively limited by chemical composition of selected sintered steel, laser device input and selected speeds of laser beam movements. They can be described as follows: 1. Using a laser beam to influence the surface properties of PM materials has proved to be very beneficial. Due to the simplicity and speed of its use as a replacement for traditional methods of heat treatment in some cases indisputable. 2. Achieved values of surface hardness as well as the depth of influence are at least comparable with the type of material studied CrL and CrM with methods cementation or nitriding. 3. Depth of affecting material, which is given by changing the original structure of the constant power laser, depends on the speed of movement of the beam. 4. Changes in the structure led to changes in the values of hardness. It is necessary to distinguish between surface hardness and hardness change on the cross section. 5. In the case of a slower speed of the laser beam, (at constant performance of the laser device) melting of the surface might occur. Slight melting can be beneficial. It has the effect of increasing density in the treated area in terms material density (reduced porosity close to zero), what corresponds to the increase in hardness. 6. The high cooling rate and its correlation with the development of thin high hard very fine martensitic layers can be used in abrasive stress. As an adverse effect one can consider its corresponding fragility, which when under specific load (different forms of fatigue) can initiate cracking and subsequent spread into the material.
